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BACKGROUND OF THE INVENTION 

What Is Claimed Is: 

.1. A semiconductor memory device, comprising: 
a memory array; 

multiple read circuits connected to said memory array; 

a timing signal generator to form timing signals by 
detecting transient changes in the column address strobe signal; 
and 

control circuitry to output a control signal to 
sequentially activate said multiple read circuits by receiving 
said timing signal. 

2. The semiconductor memory device according to Claim 1, 
wherein said control circuitry consists of a shift register that 
receives said timing signal as a shift pulse. 

3. The semiconductor memory device according to Claim 1, 
wherein said memory array comprises multiple dynamic memory 
cells arranged in a matrix, multiple data lines connected to the 
selection terminals of each dynamic memory cell, and multiple 
data lines connected to the data input and output terminals of 
each dynamic memory cell. 

4. The semiconductor memory device according to Claim 3, 
wherein the output terminals of said multiple read circuits are 
mutually connected together. 

5. The semiconductor memory device according to Claim 4, 
wherein said semiconductor memory device also comprises multiple 
write circuits connected to said memory array, with said write 
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circuits sequentially activated by control signals output from 
said shift register. 

1. Field of the Invention 

This invention pertains to a semiconductor memory device. 
For example, it pertains to a useful technique for a 
semiconductor memory device having the function (=pull mode) of 
serially writing and reading data comprising plural bits, 

2. Description of the Related Art 

For example, in the case of dynamic RAM (random access 
memory) , in addition to the method of accessing data in 1-bit 
units, an access method known as nibble mode has been proposed. 

Fig. 1 shows a signal timing chart for nibble mode. For the 
purpose of RAM access, row address strobe signal RAS and column 
address signal CAS are dropped to low level, as shown in the 
drawing. Column address signal CAS falls multiple times, .as 
shown in the drawing. Synchronized with the initial drop in 
signals RAS and CAS , RAM acquires a pair of address signals, 
that is, the row address signal and column address signals. RAM 
capable of nibble operation contains multiple signal storage 
circuits, along with a shift resister and resister to control 
that operation. When a single address setting is performed, 4 
oirs of data is applied to the signal holding circuit in RAM. 
These 4 bits of data are sequentially output from RAM 1 bit at a 
time synchronized with the drop in the column address strobe 
signal CAS, as shown in the timing chart in Fig. 1C. 

With this type of dynamic RAM, when internal circuits such 
as the timing generation . circuit consist of dynamic circuits, 
those internal circuits are configured so they are put into 
precharge mode or reset mode when the column address strobe 
signal CAS goes into high level, and so they form various 
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signals when column address strobe signal CAS goes into low 
level . 

Here, while the column address strobe signal CAS is in high 
level, its minimum pulse width is controlled by the system clock 
of the electronic system utilizing the RAM. Accordingly, when a 
precharge interval is set by high level for column address 
strobe signal CAS, as in this instance, RAM access time slows 
down, which is a disadvantage. 

Purpose of the Invention 

The purpose of this invention is to provide a semiconductor 
memory device capable of performing input and output of multiple 
bit data at high speed. 

It will become clear from the description in this 
Specification and the attached drawings what is the purpose as 
previously stated, what are other purposes, and what are new 
characteristics . 

SUMMARY OF THE INVENTION 

The following consists of a brief summary of the typical 
elements of the invention as disclosed in this application. In 
other words, the invention realizes high-speed access by 
performing serial input and output of data to multiple memory 
arrays synchronized with the column address strobe signal change 
timing signal. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 2 shows the circuit diagram for one embodiment 
applying this invention to dynamic RAM. The dynamic RAM in the 
embodiment is not limited in any particular way, but it also has 
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peripheral circuitry connected to each memory array, including 
four memory arrays MARY1 through MARY4 , a sense amp SA, an 
active restore circuit AR, a column switch CW, a main amp MA, a 
row and column address decoder RC-DCR, an address buffer ADB, 
and a timing generation circuit. 

The four memory arrays have mutually corresponding memory 
addresses. The address decoder, column switch circuit and other 
peripheral circuitry connected to the four memory arrays are 
appropriately configured to make it possible to simultaneously 
select mutually corresponding memory addresses in the four 
arrays. 

In order to simplify the drawing, Fig. 2 shows only the 
single MARY1 memory array out of the multiple memory arrays, 
along with its peripheral circuitry. These memory arrays and 
peripheral circuits are formed on a single semiconductor 
substrate using widely-known semiconductor integrated circuit 
technology. 

The embodiment circuit shown in Fig. 2 is configured as an 
IGFET (Insulated Gate Field Effect Transistor), typically an n- 
channel MOSFET. 

Memory array MARY1 comprises multiple data lines (bit 
lines) DL1 through DL2 , word lines WL1 and WL2, and memory cells 
MC. There is no special limitation, but memory array MARY1 is 
configured using the folded bit line method. Data lines DL1 and 
DL1 , which are' adjacent and extended in parallel, form a mutual 
pair. Memory cells MC are connected at one of two crossing 
points formed by a pair of data lines DL1 and DL1 and a single 
word line WL1. 

A 1-bit memory cell MC comprises a data storage capacitor 
Cs and an address . selection MOSFET Qm. Data for a logical "1" or 
x> 0" is stored by whether or not an electrical load is applied to 
capacitor Cs. 
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Data reading is performed by connecting capacitor Cs to 
shared data lines DL by putting MOSFET Qm into On mode, and 
sensing what change occurs in the potential of data lines DL in 
relation to the electrical load accumulated in capacitor C. As 
for the potential change applied to data line DL by the selected 
memory cell MC -- in other words, the level of the data signal - 
- the data line DL has a comparatively large parasitic 
capacitance, and thus is miniscule. 

While there is no special restriction, a dummy cell DC is 
set up to serve as a reference for detecting this miniscule 
signal. This dummy cell DC is made with the same manufacturing 
requirements and the same design constants as memory cells MC, 
except that the capacity value of its capacitor Cd is only about 
half that of capacitor Cs of memory cells MC. Capacitor cd is 
charged to grounding potential by MOSFET Qd' prior to 
addressing. 

Since the capacity value of capacitor Cd is set to about 
half the capacity value of capacitor Cs, dummy cell DC applies 
to one pair of data lines a reference voltage of about half that 
of the read signal applied from memory cell MC to the other pair 
of data lines. 

The number of memory cells connected to complementary data ' 
lines DL and DL is equalized in order to increase detection 
precision, or to phrase it differently, in order to mutually 
equalize the parasitic capacitance connected to complementary 
data lines DL and DL. One dummy cell is connected to each of 
data lines DL and DL. In addition,- as stated previously, each 
memory cell MC is connected between a single word line WL and to 
one pair of complementary data lines. 

In addressing, when a memory cell MC connected to one 
complementary pair of data lines DL and DL is selected, a pair 



SS0022003185 



of dummy word lines DWL and DWL are selected so that the dummy 
cell DC is definitely connected to the other data lines. 

Sense amp SA expands the potential change differential 
created by the addressing described above for the sensing 
interval determined by timing signal (sense amp control signal 
<|)pa. That pair of input-output nodes is connected to 
complementary data lines DL and DL, which are situated opposite 
one another in parallel. This sense amp SA has "a pair of 
perpendicularly connected MOSFET Ql and Q2, the positive 
feedback from which differentially amplifies the miniscule 
signal manifested in the complementary data lines DL and DL. 

The word lines WL are situated perpendicular to the data 
line pairs, resulting in the formation of unwanted coupling 
capacity between each word line and data line. Accordingly, when 
one word line is selected, noise is applied to each data line 
via that coupling capacity. However, in a memory array that uses 
the folded bit line method, the noise applied to the data line 
pair DL and DL via the coupling capacity from the word line has 
the identical level for both. This noise consists of common mode 
noise, and so is cancelled out by the differential type sense 
amp SA. 

When addressing is performed as described above, the 
temporarily destroyed stored data in memory cell MC is restored 
by taking in the high level or low level potential obtained by . 
this sensing action.. 

Nevertheless, when the high level set as the result of the 
action of sense, amp SA falls to a certain point in relation to 
the power source voltage Vcc, this produces an erroneous 
operation in which a some repeated read and rewrite operations 
produce a read of logical "0." Active restore circuit AR is 
provided in order to prevent this erroneous operation. This 
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active restore circuit AR has no effect on low level signals, 
but selectively boosts the potential of power source voltage Vcc 
for high level signals only. 

The data line pair DL1 and DL1 shown in this drawing are 
connected to the common complementary data line pair CDL1 and 
CDL1 via MOSFET Q3 and Q4, which comprise column switch CWs . The 
other data line pair is similarly connected to common 
complementary data line pair CDL1 and CDL1 via MOSFET Q5 and Q6. 
This common complementary data line pair CDL1 and CDL1 is 
connected to the data output circuit input terminal and data 
input circuit output terminal/ as will be discussed hereafter in 
relation to Fig. 3. Common complementary data lines CDL1 and. 
CDL1 are also connected to the pair of input-output terminals in 
main amp MA. 

Row decoder and column decoder RC-DCR receives internal 
complementary address signals formed by address buffer ADB and 
forms a column switch signal for one word line and the dummy 
word line. This is how memory cell and dummy cell addressing is 
performed. 

The configuration of address buffer ADB and row decoder and 
column decoder RC-DCR is the same as well-known dynamic RAM. 
Accordingly, a detailed explanation of these is omitted. 

To state it simply, these circuits are composed of dynamic 
operation circuits, with their respective operations controlled 
by various timing signals output from the timing generation 
circuit to be described hereafter. In other words, address 
buffer ADB takes in external address signals XA0-XA1 
synchronized with timing signal frar formed by row address strobe 
signal RAS , and forms internal complementary address signals axO 
and axO and axl and axl . Address buffer ADB also takes in 
external address signals YAO and YAi synchronized with timing 
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signal cfrac formed by column address strobe signal CAS, and forms 
internal complementary address signals yaO and yaO and yai and 
yai . There is no special restriction, but the column-related 
internal complementary address signals axi and axi , of the 
address signals axO through axi , are supplied to address decoder 
SR-DCR, as will be described hereafter in relation to Fig. 3. 
The remaining internal complementary address signals axO and axO 
and axi-1 and axi-1 are supplied to row decoder R-DCR. 
Similarly, column-related internal complementary address signals 
ayi and ayi , of the address signals ayO through ayi , are 
supplied to address decoder SR-DCR, while the remaining address 
signals ayO and ayO and ayi-1 and ayi-1 are supplied- to column 
decoder ODCR. 

Row address decoder R-DCR receives the word line selection 
timing signal <j)x, which is formed based on the low address strobe 
signal, along with the internal complementary address signals 
described above, and selects the. word line and dummy word line 
specified by address signals XAO through XAI-1, synchronized 
with timing signal <|>x . 

Column decoder C-DCR receives the data line selection 
timing signal <j)y, which is formed based on column address strobe 
signal CAS , along with the internal complementary address 
signals described above, and selects the det?. lines indicated by 
the abovementioned address signals YAO. through YAi-1, 
synchronized with the data line selection signal (j>y described 
above . 

The operation of main amp MA is controlled by timing signal 
<(>ma, and amplifies the data signal applied to common 
complementary data lines CDL1 andma, and amplifies the data 
signal applied to common complementary data lines CDL1 and CDL1 . 
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Fig. 3 presents a block diagram of an embodiment of data 
output circuits Rl through R4 and data input circuits Wl through 
W4, circuits that realize the nibble mode functionality that 
serially writes and reads 4 bits of data, and a portion of the 
timing generation circuit TG that controls their operation. 

Although there is no special restriction, in this 
embodiment there are formed 4 memory arrays MARY1 through MARY4, 
along with 4 read circuits and read amps Rl through R4 that 
amplify the read signal obtained from the respective common 
complementary data line pairs CDL1 and CDL1 through CDL4 and 
CDL4 , plus 4 write circuits and write amps Wl through W4 that 
supply write signals to the abovementioned respective common . 
complementary data line pairs CDL1 and CDL1 through CDL4 and 
CDL4 . In addition, the output signals from said read amps Rl 
through R4 are transmitted externally via a common output buffer 
OB. At the same time, the input terminals, of said read amps are 
supplied with write signals from external sources via a common 
input buffer IB. Thus, when output buffer OB and input buffer IB 
are made into common buffers, these circuits OB and IB may be 
configured as static circuitry such as CMOS circuits, though 
there is no special restriction. 

In this embodiment, said. read amps Rl through R4 and write 
amps Wl through W4 are diachronically activated by read and 
write control signal we and by timing signals <|>1 through <|>4 
formed by timing generation circuit TG, which will be discussed 
hereafter. In other words, if write enable signal WE is at high 
level, read amps Rl through R4 are diachronically activated by 
timing signals (|>1 through (|>4 formed by timing generation circuit 
TG. If write enable signal WE is at low level, write amps Wl 
through W4 are- diachronically activated by timing signals <|>1 
through c|)4 formed by timing generation circuit TG. 
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Read amp Rl goes into active mode when write control signal 
we is at low level and then timing signal <|>1 is at high level. 
When in active mode, read amp Rl takes data signals 
corresponding to data signals applied to common complementary 
data lines CDL1 and CDL1 , which are connected to memory array 
MARY1, and outputs those data signals to complementary signal 
lines CDR and CDR. When write control signal we is at high 
level, or in other words, when write to memory active mode is 
commanded by low level on external write enable signal WE, and 
when timing signal §1 is at low. level, read amp Rl is put in 
inactive mode. When in inactive mode, the output impedance of 
read amp Rl is set to high impedance mode. 

Fig. 4 shows a specific example circuit for read amp Rl . As 
shown in the drawing, read amp Rl comprises amplifier MOSFET Q15 
and Q16, switch MOSFET Q17 and Q18, and MOSFET Q10 through Q14, 
which control switch MOSFET Q17 and.Q18, the respective gates of 
which are connected to common complementary data lines CDL1 and 
CDL1 . 

If write control signal we is at high level, MOSFET Qll and 
Q14 go into ON mode, while the gates of switch MOSFET Q17 and 
Q18 are maintained at a low level of essentially 0 volts. 
Consequently, this puts MOSFET Q17 and Q18 into OFF mode. 

When timing signals (|>ma and <|>1 are at high level with write 
control signal we at low level, this puts MOSFET Q17 and Q18 
into ON mode. This results in amplifier MOSFET Q15 and Q16 being 
connected to complementary signal lines CDR and CDR , 
respectively. Since amplifier MOSFET Q15 and Q16 are activated 
in complementary fashion to one another by the data signal 
applied to common complementary data lines CDL1 and CDL1 , one of 
the pair of complementary signal lines CDR and CDR is forced to 
a low level of essentially 0 volts. 
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If the data output buffer OB shown in Fig. 3 has no means 
for applying potential to the respective complementary signal 
lines CDR and CDR , a pullup resistance means (not shown) is 
provided between complementary signal lines CDR and CDR and 
circuit power source terminal Vcc. 

Read amps R2 through R4 in Fig. 3 have the same 
configuration as amp Rl . 

Read amps Rl through R4 are sequentially activated as 
timing signals $1 through <|)4 are sequentially generated. 

Write amp Wl is put into active mode when timing signal <|>1 
is at high level with write control signal we at high level. 
When in active mode, write amp Wl takes data signals 
corresponding to data signals supplied to common signal lines 
CDW and CDW and applies those signals to common complementary 
data lines CDL1 and CDL1 . As a result, external data signal Din 
and the corresponding data signals are applied to common 
complementary data lines CDL1 and CDL1 via input buffer IB and 
write amp Wl. When write control signal we and timing signal <|>1 
are at low level, write amp Wl goes into inactive mode. When in 
inactive mode, write amp Wl is configured to maintain high 
output impedance . 

Fig. 5 shows a specific circuit example for write amp Wl . 
• If write control signal we is at low level and we is at 
high level, this puts MOSFET Q21, Q22, Q24 and Q29 into ON mode, 
while it puts MOSFET Q23 and Q28 into OFF mode. At this time, 
MOSFET Q26, Q27, Q31 and Q32, which comprise output, buffers, are 
set to OFF mode, since their gates are set to essentially 0 
volts by said MOSFET Q21, Q22, Q24 and Q29. Consequently, in 
this mode, the potential of common complementary data lines CDL1 
and CDL1 cannot be modified by write circuit Wl. 
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•If write control signals we and we are at high level and 
low level, respectively, the conduction state of MOSFET Q26, 
Q27, Q31 and Q32 is determined by the level of complementary 
signal lines CDW and CDW when timing signal <|>1 is generated. The 
circuit operation at that time is as described below. 

For example, the levels of complementary signal lines CDW 
and CDW are set to high level and low level, respectively, by 
data input buffer IB as shown in Fig. 3. When signal <|>1 is set to 
high level, this puts switch MOSFET Q19 and Q20 into ON mode. 
This results in the gates for MOSFET Q25 and Q27 being put into 
high level, corresponding to the high level for signal line CDW. 
Timing signal <|>1 is supplied to the gate of MOSFET Q26 via MOSFET 
Q23. However, in this instance, since the MOSFET Q25 has been 
put into ON mode by the high level gate potential of MOSFET Q26, 
the latter is put into low level at essentially 0 volts. Since 
signal line CDW is put into low level, the gates of MOSFET' Q30 
and Q30 are put into a low level: Timing signal §1 is supplied to 
the gate of MOSFET Q31 via MOSFET Q28. In this instance, since 
MOSFET Q30 is in OFF mode, the gate of MOSFET Q31 is put into 
high level when timing signal <|>1 is at high level. 

As a result, common complementary data lines CDL1 and CDL1 
are forced into low level and high level, respectively. 

Writs amps W2 through W4 have the same' configuration as WI. 
As a result, write amps Wl through W4 are sequentially activated 
by the sequential generation of timing signals <j>l through <|)4 . 

The portion of timing generation circuit TG comprises- edge 
trigger circuit EG, which receives column address strobe signal 
CAS , and shift register SR. More specific configuration of 
timing generation circuit TG will be described hereafter in 
relation to Fig. 6. 
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Said edge trigger circuit EG, while not subject to any 
special restriction, forms said column address strobe signal CAS 
and its delay signal CAS ' and supplies these signals to an 
exclusive logical AND circuit, through which column address 
strobe signal CAS change timing is detected 

No response is to be made to the initial change timing. The 
timing signal EG formed thereby is used as a shift clock for 
shift register SR. 

Shift register SR is a 4-bit shift register, the default 
value for which is set by the decoding signal output from 
address decoder SR-DCR, which receives internal address signals 
axi, axi, ayi and ayi corresponding to external address signals 
XAi and YAi, and by the preset signal <(>ps . 

In other words, when timing signal <|>y is generated after 
internal address signals axi, axi , ayi and ayi are output from 
the address buffer ADB shown in Fig. 2, the address decoder SR- 
DCR responds by being activated. In further response, one of the 
four output bits of address decoder SR-DCR is set to high level 
(logical "1") . Thereafter, when preset signal §ps is generated, 
the output of address decoder SR-DCR is preset in shift register 
SR. In other words, out of the four bits in shift register SR 
the single bit designated by address signals XAi and YAi is set 
to logical "1" while the remaining three bits are set to logical 
"0" as the initial setting. The data for said logical "1" is 
shifted sequentially to the right in accordance with said shift 
clock, with the final stage output looping back to the initial 
stage. 

As a result, four timing signals $1 through <|)4 are formed 
from the respective stages of shift register SR. These timing 
signals are supplied to the corresponding amps Rl and Wl through 
R4 and W4 . 
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Fig. 6 shows a specific block diagram of timing generation 
circuit TG. 

While there is no special restriction, in the drawing edge 
circuit EG comprises impedance circuits IV1 through IV4, 
exclusive logical AND circuit EX1, NAND circuit ND1, delay 
circuits DLY1 and DLY2 , and MOSFET Q10 and Qll. 

Delay circuit DLY2 and exclusive logical AND circuit EX1 
comprise detection circuitry to detect transients in column 
address strobe signal CAS. Delay circuit DLY2 is configured to 
have the pulse width of the detection pulse it is to obtain, and 
the effectively equivalent delay time. Consequently, when column 
address strobe signal CAS changes as shown in Fig. 7B, detection 
pulse N3 that is output from exclusive logical AND circuit EX1 
changes as shown in Fig. 7H. 

Impedance circuits IV1 and IV2 and MOSFET Q10 and Qll 
comprise column address strobe signal detection circuitry. . 

If row address strobe signal RAS and column address .strobe 
signal CAS are both maintained at high level, output Nl from 
impedance circuit IV2 is set to high level, as shown in Fig. 7C. 
At this time, the diode-connected MOSFET Q10 is effectively set 
to ON mode, while MOSFET Qll is set to OFF mode by the output 
(low level) from impedance circuit IV2, which receives column 
address strobe signal CAS . Accordingly, signal CAS1 is set to 
high level, as shown in Fig. 7D. . 

When row address strobe signal RAS changes to low level, 
the output of impedance circuit IV2 changes in response to low 
level as shown in Fig. 7C. At this time, MOSFET Q10 
automatically is set to OFF mode. Signal CAS1 is maintained at 
high level, by the floating capacitance and parasitic capacitance 
existing at the connection point between MOSFET Q10 and Qll. 

Thereafter, when column address strobe signal CAS changes ■ 
to low level as shown in Fig. 7B, MOSFET Qll is set in response 
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to ON mode. This results in signal CAS1 being set to low level 
as shown in Fig. 7D. Signal CAS1 is maintained at low level 
irrespective of subsequent changes in the level of column 
address strobe signal CAS . To state it differently, signal CAS1 
is set to low level only in response to the initial drop in 
signal CAS . As shown in Fig. 7D, signal CAS1 goes into high 
level in response to the RAS signal and CAS signal being put 
into high level. 

Delay circuit DL1 and NAND circuit ND1 comprise gate 
circuitry. Delay circuit DL1 has a signal inversion function. 
The delay circuit DL1 delay time is set larger than that of 
delay circuit DL2 . 

Output N2 from delay circuit DLY2 is set at low level as 
shown in Fig. 7E, while signal CAS1 is set first at low level 
and then at high level. As a result of appropriate setting of 
the delay time of delay circuit DLY1, output N2 is set to high 
level after the initial high level interval for exclusive 
logical AND circuit EX1. NAND circuit ND1 is opened when output 
N2 is set to high level. 

As a result, output <)>eg from NAND circuit ND1 obtained via 
impedance circuit IV4 — in other words, shift clock $eq does 
not respond to the initial transient of the CAS signal, as shown 
in Fig. 71. 

In Fig. 6, preset pulse generation circuit PSG forms the 
preset signal <(>ps shown in Fig. 7F by detecting the drop in 
signal CAS1 . This preset signal <|>ps is supplied to the shift 
register SR shown in Fig. 3. 

In Fig. 6, row timing generation circuit RTG forms the 
various row-related timing signals by receiving the row address 
strobe signal RAS . 
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Timing signal tfrpc is set to high level when the RAS signal 
is at high level, and it is set to low level when the RAS signal 
is at low level. The precharge circuit (not shown) in the active 
restore circuit AR shown in Fig. 2 is activated by high level in 
timing signal <l>pc , with the corresponding pairs of data lines 
being set essentially to the precharge level of power source 
voltage Vcc . 

Timing signal <frar is set to low level when the RAS signal is 
at low level. As stated previously, the operation of address 
buffer ADB is controlled by timing signal (frar , and it receives 
row-related address signals XAO through XAi . 

Timing signal <}>x is set to high level after timing signal 
(frar is set to low level. This results in row decoder R-DEC being 
activated. 

Timing signal <J>pa goes into low level in response to the RAS 
signal going into high level, then it goes into low level after 
timing signal 4>x goes into high level. This causes the sense amp 
shown in Fig. 2 to be activated after a word line is selected. 

Timing signal <{>ac goes into low level when the RAS signal 
goes into low level, then it goes into high level after timing 
signal <(>pa goes into high level. This causes active restore 
circuit AR to be activated after the data signals applied from 
the memory cell to data lines DL1 and DL1 are amplified by sense 
amp SA. 

Signals CAS1 and <t>eg, which are output from the edge trigger 
circuit EG shown in Fig. 6, serve as control signals controlling 
the operation of column timing generation circuit CTG. 

Column timing generation circuit CTG outputs a variety of 
timing signals by receiving said signal CAS1 along with timing 
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signal <j)x, which has the same effective phase as the timing 
signal <{>x output from row timing generation circuit RTG. 

Timing signal cfrac is set to low level when signal CAS1 
changes to low level. Address buffer ADB receives column-related 
address signals YAO through YAi as a result of timing signal tfrac 
going into low level. 

When signal CAS1 is set to low level, timing signal is 
set to high level after timing signal <|>x' is output from row 
timing generation circuit RTG. Column decoder C-DCR is activated 
by timing signal <|>y. 

Timing signal <|)ma is set to high level in response to the 
signal output from NOR circuit NR1 going into high level, as 
shown in Fig. 7K. 

Main amp MA shown in Fig. 2 is activated by this timing 
signal <|>ma. 

Note that NOR circuit NR1 and the signal CAS 2 output from 
that circuit are not necessary for the column timing generation 
signal CTG in this embodiment. When output buffer OB and input 
buffer IB as shown in Fig. 3 comprise timing circuitry that 
includes precharging circuitry, signal CAS 2 is needed to respond 
to column address strobe signal CAS transients and control 
precharge start and operation start of these circuits. 

Output; N3 from exclusive logical AND circuit EX1 may be 
utilized in addition to said signal CAS2, but in this instance, 
it is necessary to attend to the following points. 

That is, the timing for when output N3 changes to low level 
is delayed only by the delay time of delay circuit DLY2 in 
relation to the CAS signal change timing. Thus, a somewhat long 
time is required for output N3 to change to low level after the 
CAS signal is first set to low level. As a result, the response 
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speed of the circuit to the initial drop in the CAS signal is 
limited. 

The read operation of the circuit in this embodiment will 
be explained in reference to the timing chart in Fig. 7. 

When row address strobe signal RAS goes into low level, X- 
group addressing is performed as shown above, and a read signal 
appears on data line DL, as discussed above. Next, when column 
address strobe signal CAS goes into low level, Y-group 
addressing is performed, memory cells are selected one at a time 
from the four memory arrays, and the read signal from those 
memory cells is obtainable on common complementary data line 
pairs CDL1 and CDL1 through CDL4 and CDL4 . In addition, when the 
first. stage circuit, for instance, of shift register SR is set 
to logical "1" by said address signals XAi and YAi, this sets 
timing signal <()1 to high level. When write enable signal WE is 
set to high level (not shown) , read amp Rl is activated by this 
timing signal <|>1. As a result, a . read signal from memory array 
MARY1 is output from output buffer OB. Next, when column address 
strobe signal CAS changes to high level, shift clock <|>eg from 
edge trigger circuit EG is transmitted in response. Therefore, 
the logical "1" in shift register SR is shifted to the next 
stage. As a result, timing signal §2 goes into high level, and 
read amp R2 is activated ir place of read arp Rl. This results 
in output from output buffer OB of a read signal from memory 
array MARY 2 . Hereafter, whenever column address strobe signal 
CAS changes similarly, the logical "1" in shift register SR is 
shifted, and read signals from memory array MARY 3 and memory 
array MARY4 are sequentially output. The setting of the first 
memory array to read may be performed optionally by setting said 
address signals XAi and YAi. 
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The write operation occurs by sequentially activating amps 
Wl through W4 in the same manner as described above, if write 
data is supplied to external terminal Din synchronized with the 
timing of changes in said column address strobe signal CAS. 
Accordingly, write operations occur sequentially to the for 
memory arrays. 

The circuitry in the embodiment may be altered. For 
example, output buffer OB and input buffer IB may comprise 
dynamic circuitry that includes a precharge circuit as described 
previously. In this instance, the operation of output buffer OB 
and input buffer IB is controlled by detection pulse CAS 2 as 
shown in Fig. 7K. In other words, these circuits OB and IB are 
put into precharge mode by low level of the detection pulse 
( CAS 2 ) , and is activated when a level change is detected in 
column address strobe signal CAS (or, in other words, when CAS2 
goes into high ievel) . In this instance, since circuit OB and 
various nodes in IB are preset to a reference level, these 
circuits operate without error even with timing where the data 
signals applied respectively cannot be increased to a 
sufficiently large level. In this instance, precharging or 
presetting is carried out as well, which makes it possible to 
keep constant the operation timing of circuits OB and IB. 

Output buffer OB and input buffer IB may omit the 
respective common circuits. 

For example, output buffer OB may possess circuitry 
components that correspond one-for-one with read amps Rl through 
R4 . 

Fig. 8 presents a circuit diagram for an embodiment of this 
sort of data output buffer OB. 

The amplified output signal from said read amps (main amps) 
Rl through R4 (see Fig. 3) are supplied to respective drive 
circuits DV1 through DV4 . In this drawing, drive circuits DV1 
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and DV4 are shown as typical examples. In other words, drive 
circuit DV1 is placed between the terminal where timing signal $1 
is supplied and the circuit contact potential point, and 
comprises push-pull mode MOSFET Q10 and Q12 and MOSFET .Qll and 
Q13, which alternately receive complementary data signals douti 
and douti from said read amp Rl . In other words, inverted output 
signal d ou ti is supplied to the gates of MOSFET Q10 and Q13, while 
non-inverted output signal d ou ti is supplied to the gates of 
MOSFET Qll and Q12. The signals obtained from the connection 
points of said MOSFET Q10 and Q12 and MOSFET Qll and Q13 are 
supplied to the gates of the next push-pull mode output MOSFET 
Q14 and Q15. In other words, The signal at the connection point 
between MOSFET Q10 and Q12 is supplied to the gate of ground 
potential side output MOSFET Q15. The signal at the connection 
point between MOSFET Qll and Q13 is supplied to the gate of 
ground potential side output MOSFET Q14 . 

The remaining drive circuits DV2 through DV4 and output 
circuits 0B2 through 0B4 comprise circuitry similar to the 
above. In addition, the output terminals for output circuits OBI 
through 0B4 are shared, or, to put it differently, they have a 
wire door configuration that connects to a single output 
•terminal Dout. Timing signals $1 through <|>4 supplied to said 
respective drive circuits DV1 through DV4 are formed by said 
timing generation circuit TG as shown in Fig. 3. 

Timing generation circuit TG forms timing signals <|>1 through 
<|>4 in accordance with , column address signal change timing, 
starting with the initial output memory array designated by the 
two-bit address signals AXi and AYi and proceeding sequentially. 
Consequently, the four drive circuits DV1 through DV4 are 
alternately activated in accordance with timing signals <f>l 
through <|>4 formed by timing generation circuit TG. As a result, 
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the read signals , from the four memory arrays are output 
serially. 

Note that when drive circuits DV1 through DV4 are put into 
inactive mode by low levels of timing signals <|>1 through <j>4, 
their output is put into low level, which puts output circuits 
OBI through 0B4 into high impedance mode. Output signals from 
output buffers OBI through OB4, which receive signals supplied 
by drive circuits DV1 through DV4, which have been put into 
active mode by high levels on said timing signals <|>1 through <|>4, 
are transmitted from external output terminal Dout. 

Benefits of the Invention 

(1) It is possible to carry out a write or read operation 
on multiple memory arrays with each column address strobe signal 
change. This produces a benefit in the form of increased speed. 
When the output circuitry that performs precharging by means of 
the column address strobe signal is equipped with read circuitry 
or an output buffer, it requires a precharging time of 
approximately 30 ns, which means that a 4-bit read operation 
takes approximately 330 ns overall. In contrast, when read 
operations are performed with each column address strobe signal 
change as described heretofore, it is possible to perform a read 
operation in approximately 240 ns overall. 

(2) When common buffers are used with read circuits that 
respectively receive signals from multiple memory arrays, this 
produces the benefit of being able to realize high-speed reading 
operations by means of comparatively simple circuitry. 

(3) When the circuit configuration outputs signals from 
multiple memory arrays using respective drive circuits and 
output buffer circuits, this produces the benefit of being able 
to read multiple-bit data either serially or in parallel by 
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making a simple circuit change to either activate said drive 
circuits diachronically or simultanesouly . 

The foregoing specific explanation by the inventors was 
based on the embodiments. However, this invention is not limited 
to the embodiments described herein. It goes without saying that 
various changes are possible within the scope of its intent. For 
example, changes can be made as needed in the number of memory 
arrays and the number of their peripheral circuits. The specific 
circuit configuration of the various circuits in Fig. 3 can be 
anything so long as it performs the operations described 
heretofore. The drive circuitry in the embodiment shown in Fig. 
4 above can have the output circuitry put into high impedance 
mode during the" inactive period produced by the timing signal, 
and can have . the signals from the main amp supplied to the 
output circuit during the active period. 

This invention can be widely utilized in semiconductor 
memory devices in which address signals are supplied in 
multiplexed form in accordance with address strobe signals. 

Brief Explanation of Drawings 

Fig. 1 shows a timing chart that describes nibble mode as 
proposed prior to this invention. 

Fig. 2 shows a circuit diagram for an embodiment of this 
invention. 

Fig. 3 shows a block diagram of an embodiment of this 
invention, including data output buffers and data input buffers 
DIB1 through DIB4, along with a portion of timing generation 
circuit TG. 

Fig. 4 and Fig. 5 show specific circuit diagrams of circuit 
blocks Rl and Wl in Fig. 3. 
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Fig. 6 shows a specific circuit diagram of the timing 
generation circuit. 

Fig, 7 shows a timing chart that explains an example of 
circuit operation in the embodiments in said Fig. 3 and Fig. 6. 

Fig. 8 shows a circuit diagram of another embodiment of 
said data output buffer. 
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SS0022003206 



Attachment 



What Is Claimed Is: 

1. A semiconductor memory device, comprising: 
a memory array; 

multiple read circuits and write circuits connected to 
said memory array; 

a timing signal generator to form timing signals by 
detecting transient changes in the column address strobe signal; 
and 

control circuitry to output a control signal to 
sequentially activate said multiple read circuits and write 
circuits by receiving said timing signal. 

2. • The semiconductor memory device in Claim 1, wherein 
said control circuitry consists of a shift register that 
receives said timing signal as a shift pulse. 

3. The semiconductor memory device in Claim 1, wherein 
said memory array comprises multiple dynamic memory cells 
arranged in a matrix, multiple data lines connected to the 
selection terminals of each dynamic memory cell, and multiple 
data lines connected to the data input and output terminals of 
each dynamic memory cell. ' 

4. The semiconductor memory device in Claim 3, wherein 
the output terminals of said multiple read circuits are mutually 
connected together. 

5. The semiconductor memory device in Claim 4, wherein 
said semiconductor memory device also comprises multiple write 
circuits connected to said memory array, with said write 
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circuits sequentially activated by control signals output from 
said shift register. 
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Fig. 2 
Fig. 3 
Fig. 4 
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